A traditional chief in South Africa was asked the following question: "If you had the possibility of choosing between a telephone line, a school, or a clinic for your village, what would you choose?" The chief replied: "The telephone line, so that I can lobby ministers in the capital about the clinic and the school." While this is an anecdotal story, it captures the central message of this paper: when wisely applied, information and communications technologies (ICTs) can become enabling tools that empower the poor and offer opportunities to improve provision of public goods and services that are of value to rural and impoverished populations.
Telecommunications, Public Health, and Demand for Health-Related Information and Infrastructure

The paper investigates the proposition that complementarities exist between information technologies and public health promotion. The results of the cross-country analysis indicate that an increase in the stock of telecommunications infrastructure is positively correlated with an improved health status of the population. To integrate more realism into the macrolevel analysis, the paper utilizes household surveys conducted in two emerging market economies: Bangladesh and Laos. The analysis at the household level shows that a basic telephone service offers opportunities in delivering timely information on health services to households with relatively greater demand for this type of information. Telephone access is also associated with an increased demand for telecommunications infrastructure and medical facilities.
A traditional chief in South Africa was asked the following question: "If you had the possibility of choosing between a telephone line, a school, or a clinic for your village, what would you choose?" The chief replied: "The telephone line, so that I can lobby ministers in the capital about the clinic and the school." While this is an anecdotal story, it captures the central message of this paper: when wisely applied, information and communications technologies (ICTs) can become enabling tools that empower the poor and offer opportunities to improve provision of public goods and services that are of value to rural and impoverished populations.
The objective of this paper is to investigate the proposition that complementarities exist between ICTs and public health status. 1 In addition, the paper seeks to assess the link between ICTs, on the one hand, and the demand for health-related information, telecommunications infrastructure, and medical facilities, on the other. To accomplish these objectives, the paper draws on macrolevel as well as on microlevel data.
There are two important features of this study. First, its objective is to offer empirical evidence from developing countries. To date, research on the role of ICTs has to a large extent focused on developed countries, mainly due to better availability of adequate data, particularly panel data. Yet the actual and potential role of ICTs in the public health promotion
In the absence of careful empirical work, it is not possible to say whether externalities or complementarities are more important to evaluate the role of ICTs in the public sector, but I would expect that the second is more important than the ªrst.
has no doubt important implications in developing countries and in particular for the poor. For instance, using ICTs for malaria eradication campaigns and to raise HIV/AIDS awareness of marginalized populations can contribute to reduction of poverty persistence, and so will not only improve population health, but also improve the distribution of income. Today a consensus is emerging on the fact that provision of public health services is necessary even for a strategy that focuses mainly on growth and income (Deaton 2003) .
Second, I focus on the role of telephony. When considering the role of ICTs in the public health sector in the developing world and in particular for the poor, one should not forget the "old" ICTs such as telephone, radio, television, and printed materials. The availability of sufªcient numbers of-private or public-telephones is indispensable. First of all, the existence of well-functioning telephone networks is necessary for the use of e-mail and the Internet. Second, access to health information and global communications can be gained not only through the "new" ICTs-which currently dominate the debate and political activities-but also through traditional media and means of communication.
The rest of this paper is organized as follows. The second section gives an overview of related research. The third uses a cross-country framework to analyze the intersection of telecommunications with public health promotion. The microeconomic analysis in the fourth section uses household surveys on residential telephony conducted in Bangladesh and Laos to identify the determinants of the demand for faster information on health services and medication, as well as the determinants of the demand for telecommunications infrastructure and medical facilities. The last section summarizes ªndings and policy implications.
The Millennium Declaration, adopted by 189 member states of the United Nations at its 55th General Assembly in September 2000, acknowledges that ICTs are important tools for improving the delivery of health care and improving public health. Nevertheless, few studies provide direct evidence about the role of telecommunications in public health promotion. This overview of the literature tries to be as encompassing as possible, yet remains incomplete because the evidence is still scarce. Athey and Stern (2002) are among the handful of analysts who explicitly analyze the productivity of technology and the potential beneªts of the emergency response systems. The authors ªnd that the impact ICTs have on the improved timeliness of service provision can be associated with signiªcant improvements in the health status of cardiac patients. According to Oldham et al. (2002) , telephones can be used for managing same-day demand, follow-up appointments, and other queries in primary healthcare. The authors report 30-50% reduction in the need for face-to-face consultation as a result of telephone management.
The literature on the demand for telecommunications infrastructure is more extensive. Various arguments have been extended to defend sustained investment in provision of telecommunications infrastructure. As indicated by Wilson (2004) , a strong and modern national communications system has become a requirement for investment, both foreign and local. Chinn and Fairlie (2004) suggest that public investment in telecommunications infrastructure can mitigate the gap in PC and Internet use. Yet another justiªcation for continued investment in rural telecommunications infrastructure is that rural telecommunications projects seem to be welfare enhancing, since households' willingness to pay for access to telephone services are usually higher than the prevailing tariff rates (Estache et al. 2002; Torero et al. 2003) . This paper contributes to the existing literature by examining how the transition from not having to having a telephone inºuences the demand for telecommunications infrastructure.
The World Health Organization claims that "40 percent of health is exchanging information." The intuition behind the potential role of ICTs in public health promotion is straightforward. Where the state of the ICT infrastructure is rudimentary, communication is limited. The transaction costs of gathering information and searching for proper health services are high. As the ICTs improve, the costs of information acquisition will fall and individual health will presumably improve. Indeed, if the ICTs do have an impact on a nation's health, it will be through the improvement of the capabilities of individuals and medical organizations to communicate with each other rapidly over increased distances.
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My objective in this section is to bring empirical evidence from developing countries on the potential complementarities between an increase in the stock of telecommunications infrastructure and an improved health status of the population as measured by higher life expectancy and lower child mortality rates. 2 In particular, I use empirical evidence over 20 years, the period 1980-2000, to examine the impact of an "old" ICT-telephone-on public health promotion.
3
The data gathered consist of data on general health and economic variables, as well as country characteristics: life expectancy at birth, infant (aged 0 to 1 year) and child (aged 0 to 5 years) mortality rates, physicians and hospital beds per 1,000 people, real Gross Domestic Product (GDP) per capita, population, adult and female illiteracy rates, immunization against measles and DPT (diphtheria, pertussis or whooping cough, and tetanus), percent of urban population, the poverty headcount and the Gini index, 4 and the like. All these data are available from the World Development Indicators (2004) database. I have also collected data on a number of telecommunications indicators-main telephone lines and telephone subscribers per 100 inhabitants, waiting list for mainlines, income from telephone services, investment in telecommunications, etc. These data are drawn from the International Telecommunication Union (ITU) statistical yearbooks.
Before turning to the econometric estimation, I present some broad averages and examine simple correlations. Table 1 deªnes the most important variables used in this study and presents summary statistics for developing countries. The annual growth rate for life expectancy at birth over the period 1980-2000 was 0.31%, while for mainlines it was 6.81%. 5 During the two decades, the developing countries achieved signiªcant progress in vaccination coverage of children and in the ªght against illiteracy. The share of urban population increased at an average annual rate of 1.4%.
Overall, the improvement in life expectancy is positively associated with the increase in the number of mainlines, producing a correlation of 0.34. The decrease in child mortality is negatively related to telecommunications investment: the correlation coefªcient is -0.20. Naturally, there is a possibility of spurious correlations since country-speciªc telecommunication improvements may be correlated with other health-promoting measures such as income, investment in human capital, health expenditure, and so forth. The following econometric analysis makes an effort to control for the effect of other relevant factors.
The following equation is used to evaluate the potential impact of ICTs on aggregate health:
where HEALTH i is a social indicator reºecting improvements in health status for country i, which is a function of an increase in the stock of telecommunications infrastructure, TELECOM i ; GDP i per capita; and a vector of socioeconomic variables, Z i . Two indicators are used to gauge HEALTH: the annual growth rate of life expectancy at birth and the annual growth rate of child mortality. TELECOM is proxied by the annual growth rate of mainlines per 100 inhabitants, while GDP per capita is measured in constant 1995 US$. The regressions include the following set of control variables, Z: tween adult or female illiteracy and public health status (e.g., Schultz 1993; Gupta et al. 1999 ).
• Annual growth rate of immunization. There is evidence that increased immunization of children has a positive impact on the health status of the population (Hojman 1996) . The share of children under one year of age immunized for DPT is therefore used as a control variable. 6
• Poverty headcount index. 7 As noted by Deaton (2003) , if a rich country has a lot of poor people, it will have low average health relative to its per capita income. Data limitations prevent including the average growth rate of the poverty headcount index. Instead, the most up-todate value is used.
• Annual growth rate of urbanization. Schultz (1993) ªnds that mortality is higher for rural, low-income, agricultural households, suggesting that increased urbanization is associated with an improved health status of the population.
Data limitations prevent adding other control variables that may affect indicators of health status. In particular, public spending on health care is omitted since data are not available for the entire study period. 8 Similarly, data limitations prevent including control variables that capture the factors adversely affecting health caregivers (e.g., the impact of the AIDS epidemic in Africa).
Equation (1) is estimated in a linear form using ordinary-least-squares (OLS) and two-stage-leastsquares (2SLS) regressions. The 2SLS technique is used primarily to address the problem of reverse causality. In addition, 2SLS regressions address potential problems of measurement errors in variables. (1981-1982 and 1998-1999) were used.
Sources: World Development Indicators (2004), ITU statistical yearbooks, and author's own calculations.
The number of observations in the regressions varies, depending on the availability of data for the variables used. The number of observations for the 2SLS speciªcations is relatively low. 9 Since the White's heteroskedasticity-consistent estimators tend to be too optimistic in small samples, the standard errors for the coefªcients are based on the Davidson and MacKinnon (1993) heteroskedasticity-consistent covariance matrix.
10 Table 2 reports the results of regressions with annual growth rates of life expectancy and child mortality over the period 1980-2000 as dependent variables. On average, the explanatory variables account for about 40% of cross-country variation in the change of life expectancy and child mortality rates. In all of the regressions, the coefªcient on the growth rate of mainlines carries the expected-positive in the life expectancy regressions and negative in the child mortality regressions-sign and is statistically signiªcant at a level of at least 10%.
This interpretation relies on the assumption that there are no omitted time-varying and regionspeciªc effects correlated with the growth rate of mainlines. That is, the estimates could potentially confound the effects of improvements in telecommunications infrastructure if the allocation of other governmental programs was correlated with telecommunications investment. 11 To account for this possibility, I reestimated the regressions, controlling also for the growth rate in government consumption expenditure, as well as for access to sanitation and safe water. Controlling for these variables did not diminish the explanatory power of the growth rate of mainlines, suggesting that the coefªcients are not overestimating the effect of telecommunications investment on public health promotion. 12 The regression results show that immunization and urbanization are important in explaining variances in the change of public health indicators. In line with the empirical literature on determinants of health status, increases in immunization rates have a positive and signiªcant effect on improved life expectancy. On the other hand, rather surprisingly and contrary to Schultz (1993) , increased urbanization has a negative impact on public health promotion. This could be an alarming ªnding in view of the fact that demographers expect nearly 2 billion people to be added to the world population between 2000 and 2030, almost all of them in cities in Africa, Asia, and Latin America (Sheehan 2002) .
The coefªcients on GDP per capita and adult illiteracy are statistically insigniªcant. The regressions also fail to ªnd a statistically signiªcant impact of poverty on public health indicators. This could be due to a differential impact of the explanatory variables on poor and nonpoor groups, which are not captured by the aggregated health indicators. 13 Another reason could be the use of the most up-todate values instead of growth rates for the poverty headcount index, which might further exacerbate measurement errors.
Overall, two conclusions can be drawn from the regression results shown in Table 2 . First, despite the lack of data on some control variables, the regressions explain a signiªcant part of the cross-country variation in the change of both public health indicators. Second, telecommunications investment seems to be associated with an improved health status of the population. I now attend to investigating the link between telecommunications and the demand for health-related information, telecommunications infrastructure, and medical facilities.
A microlevel study can integrate more realism into the macrolevel analysis presented above. At the same time, it can obtain valuable insights from the individual data that are masked by the aggregate statistics. For this purpose, I use household surveys conducted in rural regions in two emerging market economies: Bangladesh and Laos. Both surveys included rural communities with and without public telephones, where a lack of public telephone service was primarily due to a supply constraint. The surveys followed a two-stage stratiªed random sampling process: (1) selecting the strata, and (2) selecting the households from each stratum. The households were stratiªed based on the ease of access to telecom services. Access was deªned in terms of distance to be travelled to access telecom services. 14 The surveys gathered detailed information about usage of telephone services by rural households. In addition, the surveys collected information on health expenditures and on socio-economic characteristics of the sampled households. These data on individual-and household-level characteristics offer a unique opportunity to test hypotheses linking ICTs to the demand for information on public health services, as well as to the demand for telecommunications infrastructure and medical facilities.
The main goal of the empirical analysis is to obtain a consistent estimate of 1 in the context of the following model:
where INFO is an indicator of the usage of telephone services to obtain health-related information or of the households' demand for telecommunications and medical infrastructure; HEALTH_EXP is the share of medical expenditure in total expenditure as a proxy for the households' demand for health services and medication; X is a vector of all other variables that can inºuence INFO; ij are error terms assumed to be independently and identically distributed over i and j with mean zero; the subscript i refers to households and j to provinces.
Before proceeding to a more rigorous analysis, I present a concise analysis of the share of medical and telecommunication expenditures of total expenditures. This is a relevant piece of information for ICT-related development strategies given the impor- tance that these shares have in explaining the use of the telephone to obtain information on medical care or to explain the households' demand for healthrelated information and for infrastructure, as will be shown later. I use data from the survey carried out in Laos. Using data from the survey conducted in Bangladesh produces similar results and these are omitted to conserve space. Tables A.1-2 in the Appendix present data on distribution of the medical and telecommunication expenditures by quintiles of total expenditure per head for both countries. 15 Figures 1a and 1b show the percentage share of medical and telecommunication expenditures in the total as a function of the logarithm of total household expenditures per head, a measure of the overall living standard of the household. The graphs are calculated using nonparametric regressions. The share of medical care expenditures is relatively uniform at lower and middle expenditure levels, and declines for the wealthiest households. This is consistent with empirical studies showing low-income elasticity of demand for medical services (e.g., Andersen and Benham 1970) . Figure 1b shows contrasting results for the share of telecommunication expenditure: this share is low for the poorer households and increases signiªcantly at the higher expenditure levels. Telecommunication services can be regarded as "luxury" goods for rural households in Laos in the sense that purchases of these services seem to increase more rapidly than income.
To illustrate this issue further, Figures 2a and 2b show the results of nonparametric regression for the corresponding shares of medical and telecommunication expenditures in the total only for households that use telephones. Again, the share of medical expenditures is higher among poorer households than among better-off households. Overall, the share of medical expenditures for the households that use telephones is lower than for all households, which is to be expected since on average wealthier households are more likely to use telephones. The distribution of the shares of telecommunication expenditures in the total is more volatile. If we abstract from the "outliers" at both tails in Figure 2b , the share of telecommunication expenditures seems to increase at lower expenditure levels and then gradually decrease for relatively rich households. As expected, the share of telecommunication expenditures for the households that use telephones is signiªcantly higher than for all households.
This analysis is only suggestive. The curves in Figures 1 and 2 make no attempt to control for other factors-such as education, wealth, or the public provision of services-that are likely to be positively correlated with both household total expenditures and the outcome, so that the effects of the expendi- tures are almost certainly overstated. Nevertheless, the graphs illustrate that poorer households spend on average a higher share of their income for health-related purposes than wealthier ones, while wealthier households spend on average a higher share of their income on telephone services. In the analysis that follows, I use the share of health and telephone expenditures as a measure for the relative importance of medical and telephone services for households. The main question to investigate is whether households for which medical services are relatively more important are more likely to use telephones to obtain health-related information. The next important question to examine is what determines the household demand for telecommunications infrastructure and medical facilities.
Bangladesh has been selected as a case study due to the uniqueness it displayed in an innovative program for expanded telecom infrastructure, in which Grameen Bank of Bangladesh, a village-based microªnance organization, leased cellular phones to women in rural areas (for more on this initiative, see Bayes et al. 1999) . The survey was conducted during January and February of 2001 in six rural regions. A total of 284 households was surveyed. In this section, the effects of the expanded telecommunications infrastructure on faster provision of information on health services are assessed from the perspective of the buyers of telecom services, that is, the users of the telephones. 16 The questionnaire on telephone usage contained a question that asked respondents to give examples of ways in which a telephone conversation saved their households valuable time. Seventeen percent of the households that used telephones mentioned health-related calls as a way to save valuable time. 17 I use this variable as a proxy for the usage of the telephone to obtain faster information on health services.
To account for the sample selection bias, I use Heckman's (1979) two-step estimation procedure. In the ªrst stage, I use the whole sample of 282 randomly selected households with nonmissing observations to estimate a probit equation, that is, to estimate the probability of being a telephone user as a function of a number of individual and household characteristics. As expected, the household head be-
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Information Technologies and International Development 16. According to Bayes et al. (1999) , during discussions with focus groups and interactions with social workers, it was revealed that one of the greatest beneªts brought about by the cellular phones was the capability to call doctors and clinics rapidly. ing literate, the household expenditure per equivalent person, 18 the land owned, and the value of nonland ªxed assets have positive and signiªcant effects on the probability of being a telephone user (Table 3) .
Other choices to answer the question on using the telephone to save valuable time included business-and moneyrelated calls, talking to relatives or friends, emergencies, land transaction, remittances, livestock-and poultry-related calls, getting information on markets (e.g., prices), and on employment opportunities.
DEMAND FOR INFORMATION AND INFRASTRUCTURE
In the second stage, I perform regression analysis of the determinants of using telephone for saving time to obtain health information for 81 households that actually used telephones. The independent variables used in the second-stage probit regression were the shares of health and telephone expenditures of total expenditures. As expected, the share of health expenditures-a proxy for the relative importance that the provision of public health services has for different households-is signiªcantly and positively correlated with using the telephone for saving time to obtain health information. This supports the proposition that ICTs can contribute signiªcantly to delivering timely information on health services to households for which this type of information is most important. The next step would be to investigate the determinants of actual demand for telecommunications infrastructure. The survey conducted in Laos contains the necessary information for that purpose.
In recent years the Laotian telecommunications sector has experienced rapid development. Teledensity increased from 0.21 lines per 100 population in 1992 to 0.75 lines in 2000. 19 Although these developments were mainly located in the urban provinces, some projects supported development of rural telecommunications. 20 It is interesting to investigate the impact that the intensiªed introduction of residential telephony may have had on shaping the demand for public infrastructure by the poor living in rural areas. Measuring dynamic effects of ICT impact requires panel data, that is, data before and after ICT adoption. Yet such data are scarce in developing countries. Fortunately, the survey conducted in Laos contains this kind of data for 60 households. 21 The data reveal a signiªcant increase in the number of calls made for health-or emergency-related information: the share of these calls in the total number of calls increased from 7.7% before to 15% after the additional 60 households obtained access to telephones.
An additional advantage of the survey conducted in Laos is that it included a question on the infrastructure most needed by the households. Telecommunications and a hospital were among the possible choices to answer this question. 22 The respondents' answers on most-needed infrastructure can be used as a proxy for their demand for public goods and services. Moreover, it is possible to determine how this demand has changed after the telephone adoption.
In 2000, only 9 out of 200 interviewed households said telecommunications was the mostneeded infrastructure, while 43 said it was a hospital they needed the most. When these 200 households were re-interviewed in 2001-after the number of telephone users increased from 16 to 76-only 25 households named a hospital as the most-needed infrastructure, while the number of those needing telecommunications the most increased to 44 households.
To gauge the importance of these movements in relation to the telephone adoption, I analyze these changes by household structure (Tables 4a and 4b ). The panel is divided into households with and without access to a telephone, with the rows being the status of origin in 2000 and the columns being the status of destination in 2001.
The matrices show substantial mobility for the households in the panel. I ªnd that the telecommunications infrastructure had greatest signiªcance for those that obtained access to a telephone in 2001. Fifty-two percent of the households that viewed telecommunications as the most important infrastructure were actually the new telephone users. Surprisingly, telecommunications were also important for the households that remained without telephone access. A possible explanation is that these 66 households had a higher reference norm or that they recognized the beneªts to the households that gained telephone access. 23 In contrast to the need for telecommunications infrastructure, the need for a hospital was greatest among the households that remained without a telephone. A striking 76% of these households named a hospital as the most important infrastructure. The marked asymmetry between these households and the households with telephone access can be attributed to the fact that the households without telephone access were on average poorer and spent a higher share of their income for healthrelated purposes (Figure 1a and Table A.1).
To try to understand what explains the demand for infrastructure, a multinomial logit analysis was conducted (Table 5) . Consistent with Table 4 , the results show the importance of the transition from not having to having a telephone in explaining the demand for telecommunications infrastructure. Household expenditures and wealth (proxied by the land occupied by the house) also have a positive and signiªcant effect on the demand for telephony services. Interestingly, household wealth seems to be positively correlated with the demand for telecommunications infrastructure and negatively correlated with the demand for medical facilities. This implies that as households become richer, they tend to view the access to better information as relatively more important for improving their welfare.
The share of health expenditures of total expenditures has a negative effect on the demand for telecommunications infrastructure. Again, this result can be attributed to the fact that the families in the lower quintiles of the distribution spend relatively more for medical purposes and relatively less for communication (Figures 1a and 1b) . As their welfare improves, these households will spend a smaller share of their incomes for medical purposes and will demand more adequate telecommunications infrastructure. Additionally, the multinomial analysis below utilizes the presence of a hospital in the community as an indicator of publicly-provided health services. This indicator positively affects the demand for telephony services.
The results of the microlevel analysis presented in this section clearly show the importance of the share of health expenditures in total expenditures-a Easterlin's (1974) pioneering work on the changing nature of norms and aspirations, and Hirschman's (1973) measure of the relative importance of public healthcare services for different households-in explaining the households' use of telephones to obtain health-related information and in explaining the demand for telecommunications infrastructure. In addition, the transition from not having to having a telephone seems to be important in explaining changes in households' preferences for public infrastructure.
At the beginning of this paper, I posited that complementarities exist between ICTs and public health promotion. The results of the cross-country analysis show that an increase in the stock of telecommunications infrastructure is positively correlated with an improved health status of the population. To integrate more realism into the macrolevel analysis, the paper utilizes household surveys conducted in two emerging market economies: Bangladesh and Laos. Analysis at the household level shows that a basic telephone service offers opportunities to deliver timely information on health services to households with relatively greater demand for this type of information. Telephone access is also associated with an increased demand for telecommunications infrastructure and medical facilities. While the results of the microlevel analysis need not generalize to other contexts, they seem to suggest that continued investment in provision of rural telecommunications infrastructure is warranted for at least two reasons. First, while there are potential beneªts from the introduction of advanced ICTs, such as the Internet and e-mail access (Press et al. 2003) , a publicly accessible and reliable basic telephone service is an essential prerequisite. Second, if rural development and health improvement continue to be objectives of development strategies, then the development of telecom services in rural areas appears to be an important factor supporting these objectives, as the study demonstrates.
Despite the vast opportunities, the transfer of ICTs to developing countries remains problematic, with the risk that a large part of the population will be left out of the process. This has led to calls for focused deliberate intervention to complement the role of the market as an engine of technological advancement and economic development (UNDP 2001) . However, there are several concerns about the relevance and impact of ICT-based intervention. These include lack of quantitative analyses of the impact and the cost efªciency of ICTs in many areas, including the provision of public goods and services. As a result, best practices in these areas are largely anecdotal. There is thus a need for more rigorous studies to ensure that ICT-based interventions are justiªed. More specialized and detailed surveys are required to identify the economic and social effects of ICT investment, especially in remote rural areas where access to better information could be of importance. ■ I thank Joachim von Braun for sparking my interest in the role of information technologies in the propoor provision of public goods and services. I am also indebted to four referees for their comments. Any errors are the sole responsibility of the author. 
